Maximum acceptable infusion rate of citrate: relationship between blood ionized calcium levels and cardiovascular effects in anesthetized rats.
Citrate is a useful chemical as a stabilizer for infusion solutions. However, cardiovascular depression associated with ionized hypocalcemia has been observed during massive transfusion of citrated blood products. The goal of the present study was to determine the maximum acceptable infusion rate of citrate and safe blood ionized calcium (Ca(2+)) levels. Citrate was administered intravenously to anesthetized rats at infusion rates between 0.5 and 2.0 mmol/kg/h for 4 h. Changes in heart rate (HR), arterial blood pressure, and the concentrations of plasma citrate and blood Ca(2+) were measured. Infusion of citrate caused decreases in arterial blood pressure and HR, but no severe cardiovascular depression was observed at infusion rates up to 1.0 mmol/kg/h. Plasma citrate levels reached a steady state within 1 h after the start of infusion at up to 1.0 mmol/kg/h. The concentrations of plasma citrate and blood Ca(2+) were 1.35 and 0.89 mmol/l, respectively, 4h after the start of infusion at 1.0 mmol/kg/h. The maximum acceptable infusion rate of citrate was 1.0 mmol/kg/h in anesthetized rats, and no severe cardiovascular effects were observed when the blood Ca(2+) level was 0.89 mmol/l or above.